Before the introduction of high frequency stimulation of the subthalamic nucleus (STN), many disabled tremor dominant parkinsonian patients underwent lesioning or chronic electrical stimulation of the thalamus. We studied the effects of STN stimulation in patients with previous ventral intermediate nucleus (VIM) surgery whose motor state worsened. Fifteen parkinsonian patients were included in this study: nine with unilateral and two with bilateral VIM stimulation, three with unilateral thalamotomy, and one with both unilateral thalamotomy and contralateral VIM stimulation. The clinical evaluation consisted of a formal motor assessment using the Unified Parkinson's Disease Rating Scale (UPDRS) and neuropsychological tests encompassing a 50 point frontal scale, the Mattis Dementia Rating Scale, and the Beck Depression Inventory. The first surgical procedure was performed a mean (SD) of 8 (5) years after the onset of disease. STN implantation was carried out 10 (4) years later, and duration of follow up after beginning STN stimulation was 24 (20) months. The UPDRS motor score, tremor score, difficulties in performance of activities of daily living, and levodopa equivalent daily dose significantly decreased after STN stimulation. Neither axial symptoms nor neuropsychological status significantly worsened after the implantation of the STN electrodes. The parkinsonian motor state is greatly improved by bilateral STN stimulation even in patients with previous thalamic surgery, and STN stimulation is more effective than VIM stimulation in tremor dominant parkinsonian patients.
B
efore the introduction of deep brain stimulation (DBS), many patients with tremor dominant Parkinson's disease (PD), severely disabled in spite of all available drug strategies, underwent a unilateral lesion of the ventral intermediate nucleus (VIM) of the thalamus. 1 Bilateral procedures were generally avoided in the belief that they had disabling adverse effects such as dysarthria, postural instability, or cognitive impairment. Since the introduction of DBS, bilateral procedures have been performed more safely, but many patients with asymmetrical motor impairment continued to be operated on unilaterally. Some of these secondarily developed contralateral parkinsonian symptoms or motor fluctuations, and levodopa induced dyskinesia. 2 3 Moreover, reduction of tremor was often incomplete or could extend to the other ipsilateral limb. [3] [4] [5] Because bilateral subthalamic nucleus (STN) stimulation has proved to be effective on levodopa responsive motor symptoms, 6 7 we studied its effects in patients with previous VIM surgery who were disabled either because of recurrence or worsening of tremor or levodopa induced motor complications.
PATIENTS AND METHODS
Fifteen parkinsonian patients who had undergone VIM surgery (11 in our centre and four in other centres) were included in this study. They were bilaterally implanted in the STN, except for one patient who underwent unilateral STN stimulation. Their mean (SD) age at onset of disease was 42 (6) years and the first operation was performed 8 (5) (1.24 ) mm lateral to midline. The thalamic lesions were located 11.5 (4.1) mm lateral to midline. Although we lack detailed clinical results concerning the patients from other centres, all were initially improved by VIM surgery and one had a mild contralateral hemiparesis after thalamotomy (patient 3). In patient 2, tremor recurred within a few months after lesioning. In patients 8 and 10 with VIM stimulation, the initial decrease in upper limb rest tremor was subsequently lost before STN surgery. Patients 7, 12, and 15 showed little benefit from VIM stimulation, with a 1 point decrease in contralateral upper or lower limb rest tremor subscore of the Unified Parkinson's Disease Rating Scale (UPDRS). Seven of the 12 patients with VIM DBS (patients 4, 6, 9, 11, 13, 14, and 15) had at least a 2 point decrease in rest tremor subscore on the arm but secondarily developed ipsilateral lower limb rest tremor not improved by DBS. All patients but one also developed disabling motor fluctuations and levodopa induced dyskinesia, a mean (SD) of 8.5 (3.4) and 9.9 (4.4) years respectively after PD onset. STN surgery was performed 10 (4) years after VIM surgery (range 3-14 years after VIM DBS, 8-19 years after lesioning). The surgical procedure has been described previously. 6 The thalamic leads were disconnected from the implanted pulse generator, but not removed.
The motor state was non-blindly assessed with the UPDRS part III. 8 Rest (item 20, maximum score 20) and postural and action tremor (item 21, maximum score 8) were scored separately. Axial symptoms, including speech (item 18), postural stability (item 30) and gait (item 29) were also scored separately. Disability in daily living was assessed with the UPDRS part II, and dyskinesia duration and disability with the UPDRS part IV (items 32 and 33). The levodopa 9 The impact of STN surgery on quality of life was evaluated with a health specific scale, the Parkinson's Disease Quality of Life (PDQL-37) scale. 10 Cognitive function was assessed with the Mattis Dementia Rating Scale and a 50 point global frontal scale, and mood with the Beck Depression Inventory. 11 The results are reported as means (SD). The data of patients with VIM lesion were pooled with that of the VIM DBS on stimulation subgroup, as electrical stimulation is considered to mimic the effects of lesioning. Because of the small size of our series, we performed a non-parametric statistical analysis on all the above parameters, using the Wilcoxon signed rank test, to assess the effects of STN stimulation. A p value of 0.05 was considered statistically significant.
RESULTS
The mean (SD) follow up after STN implantation was 24 (20) months. The effects of VIM and STN surgery on the UPDRS total motor score, rest and postural tremor subscores in off medication condition are reported in fig 1. Before STN implantation, VIM DBS did not decrease the UPDRS total motor score, although the rest tremor score did decrease significantly. Subthalamic nucleus stimulation reduced the UPDRS total motor score and, in seven patients (patients 1, 2, 3, 8, 9, 11, and 13), abolished postural and rest tremor in the off medication and on stimulation condition. Before STN implantation, in the off medication condition, VIM stimulation did not modify rigidity, akinesia, postural stability, or gait. With STN stimulation, rigidity decreased from 6.8 (3.9) to 2.7 (2.7) (p,0.01), akinesia from 14.6 (6.6) to 6.7 (2.7) (p,0.002), postural stability from 1.2 (0.6) to 0.8 (0.8) (p,0.02), and gait from 1.4 (0.7) to 0.6 (0.6) (p,0.001). The rating of speech did not change with STN DBS in the off medication condition. In the on medication condition, the UPDRS part IV (items 32 and 33) decreased from 2.6 (2.0) under VIM stimulation to 0.6 (1.2) under STN stimulation (p,0.001). No change in behaviour or cognition occurred after STN surgery. Quality of life improved, and disability was reduced after STN stimulation. The PDQL-37 score increased from 103 (20) to 136 (20) (p,0.01), and the UPDRS part II decreased from 27.3 (6.7) to 9.7 (6.3) (p,0.001). The improvement in motor symptoms after STN stimulation allowed LEDD to be reduced from 1203 (491) mg/day to 315 (258) mg/day (p,0.001). No serious adverse event occurred during the STN surgical procedure. During the setting of the electrical parameters, we observed hemifacial contractions with eight leads, upper limb paresthesia with seven, diplopia with six, dyskinesias with two, dysarthria with two, dizziness with one, body warmness with two, and no response with one. These side effects are similar to those usually reported; chronic electrical parameters were set at not more than 90% of the threshold for permanent side effects. 
DISCUSSION
Fifteen severely disabled parkinsonian patients underwent STN stimulation because of a lack or loss of effect of previous VIM surgery over time associated with tremor worsening or spreading to other limbs, or levodopa induced motor complications. As all patients had a relatively young onset of PD, and 11 underwent VIM surgery in the same centre, long term follow up was detailed. After VIM surgery, contralateral rest tremor was almost totally suppressed. These results are similar to those previously published. [12] [13] [14] Improvement in contralateral rest limb tremor could remain unchanged over more than 6 years and up to 19 years. 2 3 As described in about 20% of cases, recurrence of tremor occurred in one patient after staged VIM thalamotomy, due to a lesion that was too medial according to the Guiot diagram. 5 As the other VIM lesions and leads were correctly placed, 15 the loss of effect of VIM DBS described in two patients might be due to worsening of rest and postural limb tremor. All patients but one secondarily developed lower limb tremor on which VIM surgery had very little effect. 5 As the patients were relatively young with a tremor dominant form at onset of PD, they secondarily developed rigidity, akinesia, and motor complications, on which the effects of VIM surgery were poor. 3 Even though long term VIM stimulation remained effective on tremor, the improvement in the patients' ability to cope with daily living was variable. 16 17 Disease progression and motor complications might explain the recurrence of disability, and the development of dependence on a caregiver for one or more activities of daily living within 10 years after VIM surgery. The decrease in LEDD and the improvement in motor symptoms and quality of life after STN stimulation were similar to those reported in patients given surgery for the first time. 6 7 18-20 The effect of STN stimulation on rest and postural tremor has been reported to be stable over time. 21 22 Considering the reported effects of bilateral VIM surgery on speech and postural stability, we feared that implanting leads bilaterally in a second target would worsen axial symptoms. However, as reported in both non-operated patients, and patients with previous surgery, these symptoms improved after bilateral STN stimulation. [23] [24] [25] [26] The outcome concerning the neuropsychological status confirmed that there was no cognitive deterioration after STN DBS in those patients with young onset PD and no preoperative impairment, although they underwent surgery in four brain areas. 11 27 28 So far, no patient with STN stimulation has needed to be secondarily implanted in the VIM because of a lack or loss of effect. In this study, the overall improvement after STN implantation was clearly better than after VIM surgery. This study confirms that STN stimulation shows benefits on parkinsonian tremor in the long term. Hence, this procedure could be used to treat young onset PD patients, including those with the tremor predominant type. Parkinsonian patients with VIM lesions or DBS may benefit from STN stimulation, especially if they develop levodopa induced motor complications or tremor recurrence.
